
































































































DCM        Diklorometan 
EtAc        Etylacetat 
EtOH        Etanol 
GC        Gasskromatografi 
IR        Infraraud spektroskopi 
MeOH        Metanol 
MS        Massespektrometri  
NMR        Kjernemagnetisk resonans 
Ni/R        Katalysator: Nikkel‐aluminium legering 

































































































































































































Cellulose has only glucose in its structure, whereas hemicellouse
has a heteropolysaccharide makeup and some contains short
side-chain “branches” pendent along the main polymeric chain.
Hemicellulose decomposes at temperatures of 200-260 °C,
giving rise to more volatiles, less tars, and less chars than
cellulose.11 Most hemicelluloses do not yield significant amounts
of levoglucosan. Much of the acetic acid liberated from wood
during pyrolysis is attributed to deacetylation of the hemicel-
lulose. Hardwood hemicelluloses are rich in xylan and contain
small amounts of glucomannan. Softwood hemicelluloses
contain a small amount of xylan, and they are rich in galacto-
glucomannan. The onset of hemicellulose thermal decomposition
occurs at lower temperatures than crystalline cellulose. The loss
of hemicellulose occurs in slow pyrolysis of wood in the
temperature range of 130-194 °C, with most of this loss
occurring above 180 °C.42 However, the relevance of this more-
rapid decomposition of hemicellulose versus cellulose is not
known during fast pyrolysis, which is completed in few seconds
at a rapid heating rate.
3.3. Lignin. The third major component of wood is lignin,
which accounts for 23%-33% of the mass of softwoods and
16%-25% of the mass of hardwoods.30 It is an amorphous
cross-linked resin with no exact structure. It is the main binder
for the agglomeration of fibrous cellulosic components while
also providing a shield against the rapid microbial or fungal
destruction of the cellulosic fibers. Lignin is a three-dimensional,
highly branched, polyphenolic substance that consists of an
irregular array of variously bonded “hydroxy-” and “methoxy-
”substituted phenylpropane units.43 These three general mon-
omeric phenylpropane units exhibit the p-coumaryl, coniferyl,
and sinapyl structures (Figure 5). In lignin biosynthesis, these
units undergo radical dimerization and further oligomerization,
and they eventually polymerize and cross-link. The resonance
hybrids of the radical formed on oxidation of coniferyl alcohol
illustrates the positions where radicals dimerizations occur
during lignin formation.
Hardwood and softwood lignin have different structures.
“Guaiacyl” lignin, which is found predominantly in softwoods,
results from the polymerization of a higher fraction of coniferyl
phenylpropane units. “Guaiacyl-syringyl” lignin, which is
typically found in many hardwoods, is a copolymer of both the
coniferyl and sinapyl phenylpropane units where the fraction
of sinapyl units is higher than that in softwood lignins. Lignin
(42) Runkel, R. O. H.; Wilke, K.-D. Holzals Rohund Werkstoff 1951, 9,
260-270.
(43) McCarthy, J.; Islam, A. Lignin chemistry, technology, and utiliza-
tion: a brief history. In Lignin: Historical, Biological and Materials
PerspectiVes; Glasser, W. G., Northey, R. A., Schultz, T. P., Eds.; ACS
Symposium Series 742; American Chemical Society: Washington, DC,
2000; pp 2-100.
Figure 2. Chemical structure of cellulose.
Figure 3. Intrachain and interchain hydrogen-bonded bridging.
Scheme 1
Figure 4. Main components of hemicellulose.
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mass loss at 350 °C, and continued to !500 °C, illustrating the
complex contributions of all the chemical constituents.49
4.1. Conventional Pyrolysis. Conventional slow pyrolysis
has been applied for thousands of years and has been mainly
used for the production of charcoal. In slow wood pyrolysis,
biomass is heated to !500 °C. The vapor residence time varies
from 5 min to 30 min.32,50,51 Vapors do not escape as rapidly
as they do in fast pyrolysis. Thus, components in the vapor phase
continue to r act with each other, as the solid char and any liquid
are being formed. The heating rate in conventional pyrolysis is
typically much slower than that used in fast pyrolysis. A
feedstock can be held at constant temperature or slowly heated.
Vapors can be continuously removed as they are formed.
Vacuum pyrolysis at slow or fast heating rates is another variant.
The definition of a “slow” heating rate versus a “fast” heating
rate is arbitrary in many respects.
4.2. Fast Pyrolysis. Fast pyrolysis is a high-temperature
process in which biomass is rapidly heated in the absence of
oxygen.28,50,52,53 Biomass decomposes to generate vapors,
aerosols, and some charcoal-like char. After cooling and
condens tion of the vapors and aerosols, a dark brown mobile
liquid is formed that has a heating value that is about half that
of conventional fuel oil (http://www.pyne.co.uk). Fast pyrolysis
processes produce 60-75 wt % of liquid bio-oil, 15-25 wt %
of solid char, and 10-20 wt % of noncondensable gases,
depending on the feedstock used. No waste is generated, because
the bio-oil and solid char can each be used as a fuel and the
gas can be recycled back into the process.
Fast pyrolysis uses much faster heating rates than traditional
pyrolysis. Advanced processes are carefully controlled to give
high liquid yields. There are four essential features of a fast
pyrolysis process.54 First, very high heating and heat transfer
rates are used, which usually requires a finely ground biomass
feed. Second, a carefully controlled pyrolysis reaction temper-
ature is used, often in the 425-500 °C range. Third, short vapor
(49) Jakab, E.; Varhegyi, G.; Faix, O. J. Anal. Appl. Pyrolysis 2000, 56,
272-283.
(50) Bridgwater, A. V. Appl. Catal., A 1994, 116, 5-47.
(51) Bridgwater, A. V. Biomass 1990, 22 (1-4), 279-290.
(52) Bridgwater, A. V.; Kuester, J. L. Research in Thermochemical
Biomass ConVersion; Elsevier Science Publishers: London, 1991.
(53) Bridgwater, A. V. Catal. Today 1996, 29 (1-4), 285-295.
(54) Bridgwater, A. V. Chem. Eng. J. 2003, 91, 87-102.
Figure 6. Partial structure of a hardwood lignin molecule from European beech (Fagus sylVatica). The phenylpropanoid units that comprised
lignin are not linked in a simple, repeating way. The lignin of beech contains units derived from coniferyl alcohol, sinapyl alcohol, and p-coumaryl
alcohol in the approximate ratio of 100:70:7 and is typical of hardwood lignin. Softwood lignin contains relatively fewer sinapyl alcohol units.
(After Nimz 1974.45).
Table 3. Typical Mineral Components of Plant Biomass
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Forsøk  Lignin, g  EtOH, ml  Maursyre, ml 
L1 (‐+)  0,25  5,5  3 
L2 (0+)  1,25  5,5  3 
L3 (++)  2,50  5,5  3 
FA4 (‐0)  0,25  5,5  2 
FA5 (‐‐)  0,25  5,5  1 
FA6 (00)  1,25  5,5  2 
FA7 (0‐)  1,25  5,5  1 
FA8 (+0)  2,50  5,5  2 
























Blank  1  5  1  0  4  380 
Pd/C#1 (10% Pd/C)  1  5  1  20  4  380 
Pd/C#2 (10% Pd/C)  1  5  1  30  4  380 
Pd/C#31 (30% Pd/C)  1  5  1  100 + 30  4 + 4  380 
Pd/C#4 (30% Pd/C)  1  5  1  100  8  380 
























Forsøk  Lignin, g  ss316, g  Etanol, ml  Maursyre, ml 
ss316blank  2,50  0  5,5  2 
ss316#a  2,50  1,51  5,5  2 
ss316#b  2,50  1,51  5,5  2 



















Forsøk  Lignin, g  Fe(II)SO4, g  Etanol, ml  Maursyre, ml 
FeSO4blank  1,25  0  5,5  2 
FeSO4#a  1,25  0,118  5,5  2 
FeSO4#b  1,25  0,126  5,5  2 

































FeSO4#1  ‐  ‐  ‐ 
FeSO4#2  +  ‐  ‐ 
FeSO4#3  ‐  +  ‐ 
FeSO4#4  +  +  ‐ 
FeSO4#5  ‐  ‐  + 
FeSO4#6  +  ‐  + 
FeSO4#7  ‐  +  + 









































































































































































































































































































































































































































































































































































1  57,6  1  0,05% 
2  58,8  1  0,05% 
3  50,3  1  0,05% 
4a  51,0  1  0,05% 
4b  59,0  1  0,05% 
51  50,2  2  0,025% 
6  50,7  1  0,05% 
7  52,3  1  0,05% 

























































































Kondisjonering  Tørr kolonne  10 ml pentan    
  2 ml standardløysing  2 ml standardløysing   







































































































































































L1 (‐+)  0,31  3,66  4,34  8,02  96,5 
FA4 (‐0)  0,24  2,44  4,34  6,78  96,6 
FA5 (‐‐)  0,26  1,22  4,34  5,69  97,8 
L2 (0+)  1,25  3,66  4,34  9,01  97,4 
FA6 (00)  1,25  2,44  4,34  6,93  86,3 
FA7 (0‐)  1,29  1,22  4,34  5,50  80,3 
L3 (++)  2,51  3,66  4,34  9,71  92,4 
FA8 (+0)  2,51  2,44  4,34  8,46  91,1 





















































Gass, g  3  1,9  1,2  3,4  2,2  1,3  4  3,1  2,1 
Væske, g  5,02  4,88  4,49  5,52  4,55  3,82  5,37  4,37  4,10 
Fast stoff løyseleg i DCM, g  0  0  0  0,07  0,11  0,13  0,17  0,60  0,33 




























L1 (‐+)  0,085  37,4  62,6  0  0 
FA4 (‐0)  0,098  28,0  72,0  0  0 
FA5 (‐‐)  0,213  21,1  78,9  0  0 
L2 (0+)  0,342  37,7  61,3  0,8  0,2 
FA6 (00)  0,512  31,8  65,6  1,6  1,0 
FA7 (0‐)  1,057  23,6  69,5  2,4  4,5 
L3 (++)  0,686  41,2  55,3  1,8  1,8 
FA8 (+0)  1,029  36,6  51,7  7,1  4,6 








































































Respons  Konstantledd  X1 lignin  X2 maursyre  1x2 
Y1 gass  31,859  3,427  7,06  ‐1,095 
Y2 væske  63,766  ‐8,238  ‐4,385  3,63 
Y3 fast stoff løyseleg i DCM  2,019  2,24  ‐0,738  ‐0,713 


























































































































Nr  Retensjonstid  Sambinding  Molekylvekt 
2  5,07  Etylpentanoat  130 
3  5,21  Butylpropanoat  130 
4  5,42‐5,50  1‐(furan‐2‐yl)propan‐1‐on  124 
7  6,05‐7,02  5‐metyldihydrofuran‐2‐on  100 
8  7,46‐7,59  Fenol  94 
10  7,89‐7,94  Oktan‐2‐on  128 




19  11,31‐11,49  Etylfenol  122 
20  11,64‐13,60  Etylmetylfenol  136 
23  14,99  Metylbenzendiol  124 
24  15,18  Dimetylfenol  122 










35  20,65‐20,85  1‐(4,6‐dihydroksy‐2,3‐dimetylfenyl)etanon  180 

































blank  Pd/C#1  Pd/C#2  Pd/C#2b  Pd/C#3  Pd/C#4  Ni/R#1  Ni/R#1b 
Gass  1,2  1,3  1,3  1,3  3,1  1,5  1,2  1,2 
Væske  3,454  3,535  3,756  4,04  2,973  3,627  3,659  4,003 


























































Blank  1,01  1,22  3,95  4,87  79,8 
Pd/C#1  1,02  1,22  3,95  4,87  78,6 
Pd/C#2a  1,11  1,22  3,95  5,29  84,2 
Pd/C#2b  1,02  1,22  3,95  5,36  86,6 
Pd/C#3  0,96  1,22  3,95  6,32  103,1 
Pd/C#4  1,01  1,22  3,95  5,14  83,2 
Ni/R#1a  1,00  1,22  3,95  4,96  80,4 



























Nr  Retensjonstid  Sambinding  Ni/R#1  Pd/C#1  Pd/C#2  Pd/C#4 
1  4,30 – 4,41  3‐metyl‐1,2‐
syklopentandiol 
X    X   
4  5,22 – 5,34 (6,17*)  1‐(furan‐2‐yl)‐propan‐1‐
on 
X    X  X 
5  5,80 – 5,92 (5,39*)  Etyletoksyacetat  X  X  X  X 
6  5,92*  2‐etylsyklopentanon        X 
8  6,62*  Fenol    X    X 
7  6,71 – 6,84  5‐metyldihydrofuran‐2‐
on 
X    X   
12  8,04*  Metylfenol    X    X 
17  10,04 ‐10,14 
(8,78*) 
2‐metoksyfenol  X    X  X 
18  10,66*  Pyrokatekol    X    X 
21  12,55 – 12,64 
(10,71*) 
2‐metoksy‐4metylfenol  X  X  X  X 
23  12,30*  4‐metyl‐1,2‐benzendiol    X    X 
22  14,64  2‐metoksy‐4‐etylfenol      X   
25  15,97 (13,21*)  Etylbenzendiol    X  X  X 
27  16,15*  2‐naftol    X    X 
30  14,68  Trimetylbenzendiol    X     
31  18,59  3,6‐dietylbenzen‐1,2‐
diol 
  X  X   
35  20,54  1‐(4,6‐dihydroksy‐2,3‐
dimetylfenyl)etanon 
































ss316blank  ss316#a  ss316#b  ss316#c 
Gass, g  3,1  2,9  2,7  2,9 
Væske, g  4,371  4,59  4,39  4,267 
Fast stoff løyseleg i DCM, g  0,596  0,582  0,626  0,472 








































SS316blank  SS316#a  SS316#b  SS316#c 
Lignin  2,51  2,53  2,53  2,51 































ss316blank  2,51  2,44  4,34  8,07  86,9 
ss316#a  2,53  2,44  4,34  8,27  88,3 
ss316#b  2,53  2,44  4,34  8,07  86,7 







































































31  18,70‐18,77  3,6‐dietylbenzen‐1,2‐diol  166 
32  19,77‐19,84  Metoksytrimetylfenol  166 
35  20,65‐20,72  1‐(4,6‐dihydroksy‐2,3‐dimetylfenyl)etanon  180 































FeSO4blank  FeSO4#a  FeSO4#b  FeSO4#c 
Gass, g  2,2  2,5  2,4  2,4 
Væske, g  4,552  4,548  4,597  4,178 







































FeSO4blank  FeSO4#a  FeSO4#b  FeSO4#c 
Lignin, g  1,25  1,25  1,26  1,26 











































Gass, g  2  2,2  2  2,6  2,2  2,2  2,1  2,5 
Væske, g  4,854  4,384  4,522  4,528  4,981  4,725  4,583  4,331 
Fast stoff løyseleg i DCM, g  0,48  0,4  0,37  0,38  0,57  0,33  0,42  0,4 






















































Lignin, g  1,28  1,25  1,26  1,25  1,25  1,29  1,31  1,24  1,31 





















































































































1x2  1x3  2x3  1x2x3 
Y1:Prod  0,706  ‐0,072  ‐0,043  0,052  0,019  0,018  ‐0,016  ‐0,017 
Y2:Gass  2,225  0,15  0,075  0,025  0,1  ‐0,05  ‐0,025  2,54e‐019 
Y3:Væske  4,612  ‐0,12  ‐0,123  0,043  0,06  ‐0,005  ‐0,077  ‐0,06 
Y4:Fast stoff  0,419  ‐0,041  ‐0,026  0,011  0,039  ‐0,024  0,006  0,016 



















































Nr  Retensjonstid  Sambinding  Molekylvekt 
2  5,73  Etylpentanoat  130 
4  5,17‐5,42  1‐(furan‐2‐yl)propan‐1‐on  124 
7  6,66‐6,91  5‐metyldihydrofuran‐2‐on  100 
9  7,61  Metyl‐4‐oksopent‐2‐enoat  128 
15  9,51  Etyl4‐oksopentanoat  144 
12  9,80  Metylfenol  108 
16  9,90  3‐hydroksy‐2,6,6‐trimetylhept‐4‐ensyre  186 
17  10,11‐10,18  2‐metoksyfenol  124 
19  11,32  Etylfenol  122 
21  12,61‐12,65  2‐metoksy‐4‐metylfenol  138 
22  14,61‐14,64  4‐etyl‐2‐metoksyfenol  152 
24  15,18  Dimetylfenol  122 
25  16,00  4‐etylbenzen‐1,2‐diol  138 






31  18,41‐18,57  3,6‐dietylbenzen‐1,2‐diol  166 































































  H­ar  Hα  Hγ  Hβ  H  ­OH  Eter/Alkohol  Ph 
1  10  16  31  18  10  103  9  13 
2  11  14  33  15  10  96  6  14 
3  10  12  27  14  9  83  5  11 
4a  10  15  35  17  10  97  4  11 
4b  9  17  40  18  11  107  4  10 
5  10  12  24  13  10  90  5  19 
6  9  11  28  13  9  81  4  11 
7  28  36  77  38  29  253  14  36 











































































































































Temp  Tid  Kat.  1x2  1x3  2x3  1x2x3 
H‐ar  9,786  ‐0,161  ‐0,214  ‐0,339  ‐0,161  ‐0,286  0,161  0,214 
Hα  13,286  ‐0,036  0,036  ‐1,214  0,714  ‐0,536  0,536  ‐0,786 
Hγ  30,071  2,054  1,071  ‐2,054  0,554  ‐1,071  0,946  ‐1,571 
Hβ  14,929  ‐0,054  0,179  ‐1,196  0,696  ‐0,179  0,554  ‐0,929 
H  9,643  ‐0,018  ‐0,107  ‐0,232  0,232  ‐0,393  0,018  ‐0,143 
OH  91,143  ‐0,643  ‐1,357  ‐4,857  3,357  ‐3,643  2,143  ‐3,143 
Eter/ Alk  5,429  ‐0,679  ‐0,821  ‐0,571  0,071  0,321  0,679  ‐0,429 
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Vedlegg A: GC-MS kromatogram  
Forsøksserie 1    L1      L2 
RT: 0.00 - 32.00






































TIC  MS 
L1DCM
RT: 0.00 - 37.70




























23.574.50 37.3216.15 25.58 36.3113.2311.447.59 9.89 34.6426.03 28.294.14
NL:
1.31E8
TIC  MS 
L2b
      L3      FA4 
RT: 0.00 - 37.69




























23.4616.0413.1111.315.63 25.467.464.40 9.26 37.4036.6225.91 27.74 34.6930.564.05
NL:
2.41E8
TIC  MS L3
RT: 0.00 - 37.70






























23.6711.09 34.849.52 33.8325.68 25.84 31.84
NL:
3.77E7
TIC  MS 
FA4
     FA5      FA6 
RT: 0.00 - 37.68





































TIC  MS 
FA5
RT: 0.00 - 37.70




































    FA7      FA8 
RT: 0.00 - 37.68


































TIC  MS 
FA7
RT: 0.00 - 37.69



























6.89 16.13 23.5213.204.45 11.415.39 13.578.02 25.52 37.1636.4825.974.31 31.00 34.52
NL:
1.96E8
TIC  MS 
FA8c
     FA9 
RT: 0.00 - 37.68































25.61 31.0928.314.03 36.7232.10 35.81
NL:
3.54E8




Forsøksserie 2    Blank      Ni/R#1    
RT: 0.00 - 37.68








































TIC  MS 
k-blank
RT: 0.00 - 37.68



































11.18 19.60 32.2826.40 31.2120.954.02 22.53 27.95
NL:
4.70E6
TIC  MS 
NiR#1
      Pd/C#2     Pd/C#4    
RT: 0.00 - 37.71


































4.15 22.76 30.2625.33 28.07
NL:
4.32E6
TIC  MS 
PdC#2
RT: 0.00 - 32.00















































5.09 18.38 29.4122.63 25.6819.81
NL:
4.57E7
TIC  MS 
HN9
   
 V
Forsøksserie 3    SS316#a     SS316#b 
RT: 0.00 - 37.70































TIC  MS 
K12a
RT: 0.00 - 37.69





























13.246.98 35.5016.16 23.5611.465.46 7.644.53 33.9725.56 31.0627.83
NL:
3.24E7
TIC  MS 
K12b
     SS316#c 
RT: 0.00 - 37.68





























35.7713.24 23.556.98 16.16 34.9111.455.47 7.644.53 33.7825.55 31.0628.27
NL:
3.07E7
TIC  MS 
K12c
  
Forsøksserie 4  
4A    FeSO4#a     FeSO4#c 
RT: 0.00 - 37.68




































TIC  MS 
K13a
RT: 0.00 - 37.70































































4B    FeSO4#1     FeSO4#2 
RT: 0.00 - 37.69





































TIC  MS 
5#1b
RT: 0.00 - 37.71



































16.0112.6910.20 33.186.92 21.87 32.1813.4611.34 22.20 30.3828.034.52 9.814.10
NL:
3.45E6
TIC  MS 
5#2DCM
     FeSO4#3     FeSO4#4 
RT: 0.00 - 37.68









































TIC  MS 
5#3
RT: 0.00 - 37.68

































TIC  MS 
5#4DCM
     FeSO4#5     FeSO4#6 
RT: 0.00 - 37.71




































16.5614.62 33.014.48 6.904.08 31.7918.519.51 20.45 21.7812.49 23.12 29.57
NL:
3.58E6
TIC  MS 
5#5
RT: 0.00 - 37.67































7.58 34.8414.6811.33 23.308.02 25.27 33.1328.00 30.164.35
NL:
8.67E6




 FeSO4#7     FeSO4#8  
RT: 0.00 - 37.69




































31.5710.53 23.349.534.31 25.33 28.99
NL:
3.22E6
TIC  MS 
5#7
RT: 0.00 - 37.69










































Vedlegg B : Oversikt over sambindingar identifisert ved 
hjelp av GC-MS 
Nr Sambinding RT M+ Viktige 
fragment 1 
 3-metylsyklopentan-1,2-diol 
4,30-4,41 (116) 98 71 57(100) 55 42 
2  Etylpentanoat 
5,07-5,73 130 101 88(100) 85 73 57 3  butylpropanoat 
5,21 (130) 95 75 57(100) 4 
 1-(furan-2-yl)propan-1-on 
5,17-5,42 124 96(100) 
5  Etyletoksyacetat 





6,66-6,91 100 85 56(100) 
8 
 Fenol 
7,46-7,59 94(100) 66 
9 
 Metyl-4-oksopent-2-enoat 
7,61 (128) 113 97(100) 85 69 54 43 
 IX
10  Oktan-2-on 
7,89-7,94 128 85 71 58 43(100) 11  Oktan-2-ol 
8,08-8,15 (130) 112 97 55 45(100) 12 
 Metylfenol 
9,80 108(100) 107 77 13 9,26-9,44 108(100) 107 90 79 14 9,75-9,93 108 107(100) 90 80 79 15 
 Etyl-4-oksopentanoat 
9,51 144 129 99(100) 43 
16 
 3-hydroksy-2,6,6-trimetylhept-4-ensyre 
9,90 186  
17 
 2-metoksyfenol 






11,31-11,49 122 107(100) 77 
20 
 etylmetylfenol 
11,64-13,60 136 121(100) 107 91 76 
21 
 2-metoksy-4-metylfenol 




14,61-14,64 152 137 
23 
 metylbenzendiol 
14,99 124(100) 106 78 77 
24 
 dimetylfenol 
15,18 122 121 107(100) 91 77 
25 
 4-etylbenzen-1,2-diol 






16,59-16,60 166 137(100) 122 
28 
 Trimetylbenzendiol 
16,84-17,00 152 137(100) 109 91 77 29 17,83-17,89 152 137(100) 119 91 77 30 17,71-17,86 152 137(100) 123 109 91 77 31 
 3,6-dietylbenzen-1,2-diol 





19,34-19,39 166 151 (100) 137 123 105 91 77 33 19,26-19,90 166 151 (100) 137 105 91 77 34 19,76-19,96 166 151 (100) 137 123 105 91 77 35 
 1-(4,6-dihydroksy-2,3-dimetylfenyl)etanon 
20,34-20,53 180 165(100) 151 
36 
 trietylbenzendiol 
21,98-22,06 194 179(100) 165 133 105 91 
 XII
Vedlegg C: IR-spekter   FeSO4#1     
   FeSO4#2 




  FeSO4#6      
   FeSO4#7 





Vedlegg D: NMR-spekter  FeSO4#1 
































     FeSO4#2 






































    FeSO4#3 
















prove 3 spin off















    
 XVI
FeSO4#4a 











































    FeSO4#4b 






































    FeSO4#5 































     
 XVII
FeSO4#6 






































     FeSO4#7 




































    FeSO4#8 
































      

 
